A new model for the overall kinetics of the bainite transformation has been validated experimentally. The new model, presented in the 1 st part of this work, is based in the displacive mechanism for bainite transformation. Thus, the bainite transformation kinetics of three medium carbon-high silicon steels has been studied. Results show that the model, which does not consider the effect of carbide precipitation in the bainite kinetics, predicts with a high degree of agreement the time evolution of bainitic ferrite volume fraction, even when lower 1
1.-Introduction
In the first part of this study, a new model for the kinetics of the bainite transformation has been proposed. The model is based on the displacive mechanism for bainite transformation. An important characteristic of this new model is the complete separation between the kinetics of both nucleation events of bainitic ferrite subunits, in austenite grain boundaries and at subunits previously formed. This distinction is based in a geometrical conception of the development of the transformation and has led to the elimination of the autocatalysis factor, an obscure parameter used in former kinetics models. The model correctly predicts the effect of carbon and other alloying elements such manganese and cobalt on the transformation kinetics, as it was shown in the first part of this work.
The precipitation of cementite between the subunits of bainitic ferrite during bainitic transformation can be suppressed by alloying the steel with about 1.5 mass% silicon, which has very low solubility in cementite and greatly retards its growth from austenite [1] [2] [3] . The carbon that is rejected from the bainitic ferrite enriches the residual austenite, thereby stabilising it down to room temperature. Consequently, an isothermal transformation in the range of the bainite transformation leads to a microstructure consisting of bainitic ferrite separated by carbon-enriched regions of austenite. Since the cementite precipitation between the plates of bainitic ferrite plates has not been considered in the modelling, steels with high silicon content are most adequate for the validation of the proposed model. However, cementite precipitation within bainitic ferrite plates (lower bainite), that can occur even in high silicon steels, has not been considered in the model.
In this sense, the study of lower bainite kinetics is interesting in order to evaluate the reliability of the model predictions in the event of lower bainite formation.
It has been shown in the 1 st part of the study that if no other reaction interacts with the successive nucleation and growth of subunits of bainitic ferrite, the incomplete reaction phenomenon, by means of the curve, provides a method for the estimation of the maximum volume fraction of bainitic ferrite that can be formed, at a given temperature, in a steel, . Considering a steel with a nominal carbon content
x , the value of is given by:
where is the carbon content of the residual austenite, given by the curve, stands for the carbon content of the bainitic ferrite, given by the equilibrium value.
The work presented in this part of the study, deals with the experimental validation of the model. With this aim, the isothermal kinetics of the bainite transformation of three medium carbon-high silicon steels have been characterised and the results thus obtained are compared with the model predictions. Moreover, data from two additional medium carbon-high silicon steels, widely used for the evaluation of kinetic models in the literature are also used to extend the range of validation of the proposed model.
2.-Experimental Procedure
The chemical composition of the studied steels is given in Table 1 .
The grades were supplied as 12 mm hot rolled strips. Dilatometric analysis and heat treatments were carried out using an Adamel Lhomargy DT1000 high-resolution dilatometer on cylindrical test pieces of 3 mm in diameter and 12 mm in length. The dimensional variations in the specimens are transmited via an amorphous silica pushrod and measured by a linear variable differential transformer (LVDT) in a gas-tight enclosure, enabling to monitor the isothermal transformations to bainite 4) . The temperature is measured with a 0.1 mm diameter chromel-alumel (type K) thermocouple spot welded to the specimen.
In order to obtain fully decomposition of austenite into bainite, samples were subjected to an austenitisation at 925ºC during five minutes followed by rapid cooling to the isothermal transformation The heating and cooling devices of this dilatometer have been also used to study previously the austenitisation condition of these steels. In this sense, cylindrical dilatometric test pieces of 3 mm in diameter and 12 mm in length were used to reveal grain boundaries by the thermal etching 5) . For this purpose, a surface 2 mm in width was generated along the longitudinal axis of samples by polishing and finishing with 1µm diamond paste. Later on, samples were austenitised in vacuum (>1Pa) at 925ºC for 300 seconds. Subsequently samples were cooled down to room temperature at 1ºC/s. These samples do not require metallographic preparation after heat treatment; the prior austenite grain boundaries are revealed without chemical etching. The average austenite grain size was measured using an image analyser. Table 2 shows the resulting austenitisation conditions and the measurements of the austenite grain size, characterised by the use of the distance between opposite sides of three dimensional tetrakahidecahedra [6] [7] [8] .
The volume fraction of bainitic ferrite was estimated by a systematic manual point-counting procedure on optical and scanning electron micrographs at low magnification 9) . A grid superimposed on the microstructure provides, after a suitable number of placements, an Finally, quantitative X-ray analysis was used to determine the total volume fraction of retained austenite in the steels after the completion of the bainite transformation. For this purpose, 11x5x2 mm 3 samples were machined. After grinding and final polishing using 1 µm diamond paste, the samples were etched to obtain an undeformed surface. They were then step-scanned in a SIEMENS D 5000 X-ray diffractometer using unfiltered Cu K α radiation. The scanning speed (2θ) was less than 0.3 degree/min. The machine was operated at 40 kV and 30 mA. The retained austenite content was calculated from the integrated intensities of (200), (220) and (311) austenite peaks and those of (002), (112) and (022) planes of ferrite 11) . Using three peaks from each phase avoids biasing the results due to any crystallographic texture in the samples 12) . The carbon concentration in the austenite was estimated by using the lattice parameters of the retained austenite 13) .
3.-Results and Discussion
Silicon can avoid the precipitation of cementite between the plates of bainitic ferrite, but it does not have any effect on the formation of cementite inside the ferrite plates. Therefore, the formation of lower bainite was not inhibited in these steels. In this work, the kinetics of the bainite transformation has been characterised in the three steels between the M S and the B S temperature, i.e., including the formation of upper (carbide free) and/or lower bainite (carbides within ferrite). Experimentally measured values of M S , B S and LB S for all steel grades are displayed in Table 3 . As it was anticipated, two more steels, widely employed in the literature for similar studies [15] [16] [17] [18] [19] [20] , have been also used to reinforce the validation of the model. Their chemical composition and the measured austenite grain size after an austenitisation at 1000ºC for 300 s are shown in the Table 5 .
In order to follow a coherency between these predictions and those 
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